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ABSTRACT

The MiniMedTM 780G is a second-generation
automated insulin delivery system that imple-
ments a modified proportional–inte-
gral–derivative algorithm with some features of
an MD-Logic artificial pancreas algorithm. The
system may deliver automatic correction bolu-
ses up to every 5 min, and it allows the user to
choose between three glucose target setpoints
(100, 110 and 120 mg/dL). We aimed to review

the current evidence on this device in children,
adolescents, and young adults living with type 1
diabetes. We screened 783 papers, but only 31
manuscripts were included in this review. Data
on metabolic outcomes show that this system is
safe as regards severe hypoglycaemia and dia-
betic ketoacidosis. The glycated haemoglobin
may drop to levels about 7%, with CGM reports
showing a time in range of 75–80%. The time
above range and the time below range are
within the recommended target in most of the
subjects. Few studies evaluated the psychologi-
cal outcomes. This system seems to be more
effective than the first-generation automated
insulin delivery systems. The MiniMedTM 780G
has been associated with an improvement in
sleep quality in subjects living with diabetes and
their caregivers, along with an improvement in
treatment satisfaction. Psychological distress is
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as reduced as the glucose control is improved.
We also discuss some case reports describing
particular situations in clinical practice. Finally,
we think that data show that this system is a
further step towards the improvement of the
treatment of diabetes as concerns both meta-
bolic and psychological outcomes.

Keywords: MiniMed 780G; Medtronic 780G;
Automated insulin delivery; Type 1 diabetes;
Advanced hybrid closed loop; CGM metrics;
Quality of life

Key Summary Points

The first generation of automated insulin
delivery (AID) systems improved blood
glucose control, but frequent alarms and
exits from the automatic function were a
burden for people living with diabetes,
leading to a decrease in automatic mode
use over time.

The MiniMedTM 780G system is a second-
generation AID system for the treatment
of diabetes mellitus that is more tailored
to individual users’ needs, thus leading to
an increase in the overall time spent in
automatic mode.

The MiniMedTM 780G system is safe and
effective. It improves blood glucose
control, with time in range and glycated
haemoglobin at target occurring more
frequently than in the past.

The MiniMedTM 780G system has
beneficial effects on psychological issues.

This second-generation AID system
properly addresses the burden of frequent
user input and auto-exits.

INTRODUCTION

Type 1 diabetes is characterized by impaired
glucose regulation and manifests as hypergly-
caemia due to autoimmune destruction of
insulin-secreting pancreatic b-cells. Conse-
quently, individuals with T1D currently have a
lifelong need for insulin replacement therapy
[1]. The primary goal in the management of
T1D is to maintain blood glucose levels as close
to normal as possible, since prolonged exposure
to hyperglycaemia may result in micro- and
macrovascular complications [2]. The achieve-
ment of tight glycaemic targets has been shown
to considerably lower the risk of complications
[3] and premature death [4], making intensive
insulin treatment essential for precise diabetes
management.

Recent advances in diabetes technologies
have fundamentally changed the landscape of
diabetes care and represent an important aid for
preventing the consequences of impaired glu-
cose control. Continuous glucose monitoring
(CGM) systems are increasingly reliable and
currently represent the standard of monitoring
for people living with T1D [5]. Insulin pumps
were shown to have better glycaemic outcomes
compared to insulin injection therapy due to
the ability to simulate physiological insulin
secretion through individually tailored basal
and bolus insulin delivery [6]. The introduction
of sensor-augmented pumps, resulting from the
connection of insulin pumps to CGM systems
with the aim of suspending insulin delivery in
the case of incipient or predicted low glucose
levels, has resulted in a further improvement in
the safety and quality of life of people with T1D
[7–10]. More recently, some automated insulin
delivery (AID) systems have been approved for
clinical practice. The MiniMedTM 670G was the
first commercialized automated insulin delivery
(AID) system. It implements a modified pro-
portional–integral–derivative (PID) algorithm
that automatically adjusts the basal insulin
delivery rate to achieve a predetermined sensor
glucose target of 120 mg/dL. Data from clinical
trials and observational studies have shown an
overall beneficial effect on glycaemic outcomes
among paediatric and adult participants [11].
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However, the need for more aggressive and
efficient AID systems has arisen from the diffi-
culty of maintaining sustained optimal gly-
caemic outcomes for many users [12]. A high
rate of therapy discontinuation, mainly due to
technical issues, was reported [13], and there is a
substantial burden due to the excessive amount
of time spent engaging with the device [14].

Second-generation AID systems, also labelled
advanced hybrid closed-loop (AHCL) systems,
were developed and are increasingly available
on the market [15]. The MiniMedTM 780G
received Conformite Europeenne approval for
clinical use in 2020. To create this second-gen-
eration system, the first-generation PID con-
troller was upgraded by embedding some
features of an MD-Logic artificial pancreas
algorithm. The new algorithm is also able to
detect meals through a specific module and, if
needed, to deliver more responsive automatic
correction boluses up to every 5 min, allowing
the user to choose between three different glu-
cose target setpoints of 100, 110 and 120 mg/dL.
In addition, integral action, the insulin feed-
back module, and the adaptation method have
been modified to make insulin delivery patterns
even more tailored to the individual users’
needs, with the aim being to increase the overall
time spent with the automatic mode activated
by changing the conditions for AID mode exits
[16]. However, similar to other current AID
systems, the MiniMedTM 780G is not yet fully
automated, and meal announcements with
carbohydrate estimation from users are still
needed.

In this systematic review, we aim to sum-
marize current evidence on glycaemic and psy-
chological outcomes of the MiniMedTM 780G
system use in children, adolescents, and young
adults living with T1D.

METHODS

This review was run in keeping with the PRISMA
statement for systematic reviews [17]. The lit-
erature search was launched on 30 March 2023
in the PubMed and Embase databases. The
keywords used were ‘‘Medtronic 780G’’, ‘‘Mini-
Med 780G’’, ‘‘advanced hybrid closed loop’’, and

‘‘advanced hybrid closed loop system’’. Non-
English language papers were excluded. We
included randomized trials, retrospective stud-
ies, observational studies and case reports
regarding children, adolescents and non-preg-
nant young adults up to 25 years of age with
T1D who were treated with the Medtronic
MiniMedTM 780G in auto mode. Reviews, let-
ters, commentaries, editorials and guidelines
were excluded. The studies were taken into
consideration irrespective of study setting (real-
life conditions, an experimental setting, dia-
betes camps), duration of intervention, and
baseline treatment. We decided to comment on
case report papers as well because they investi-
gate uncommon situations such as prolonged
starvation or surgical procedure. These case
reports may support clinicians in clinical
practice.

Data Extraction

Four authors (BB, SP, MM, CM) worked inde-
pendently on the two different online data-
bases. The search retrieved 783 papers. They
screened all records and excluded 136 dupli-
cates. The remaining 647 records were screened
by title and abstract and 565 of them were
excluded. Eighty-two full texts of potentially
eligible studies were retrieved for evaluation.
Disagreements between authors were resolved
by discussion and consensus with the supervi-
sion of the senior authors. At the end of the
selection process, 31 manuscripts were selected
for this review (Fig. 1). Six of the 31 investigated
psychological issues and 23 investigated meta-
bolic outcomes. Twelve papers investigated
safety issues and five papers were case reports.

This article is based on previously conducted
studies and does not contain any new studies
with human participants or animals performed
by any of the authors.

Outcomes

We retrieved data about blood glucose control,
defined as glycated haemoglobin (HbA1c), and
about the CGM metrics, in keeping with the
International Consensus Statement [18]. In
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particular, we evaluated the time in range (TIR),
time in tight range (TITR), time below range
(TBR), time above range (TAR), mean sensor
glucose (SG) level, glucose management indi-
cator (GMI), glycaemia risk index (GRI), coeffi-
cient of variation (CV) and standard deviation
of blood glucose (SD). In addition, when avail-
able, we evaluated the percentages of time spent

with glucose levels between 54 and 69 mg/dL
(3.0–3.9 mmol/L, level 1 hypoglycaemia)
(TBR1) and below 54 mg/dL (\3.0 mmol/L,
level 2 hypoglycaemia) (TBR2) and the per-
centages of time spent with glucose levels
between 181 and 250 mg/dL (10.1–13.9 mmol/
L, level 1 hyperglycaemia) (TAR1) and above
250 mg/dL ([ 13.9 mmol/L, level 2

Fig. 1 PRISMA flowchart
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hyperglycaemia) (TAR2). When available, CGM
metrics were extracted both for 24-h and over-
night periods. Fear of hypoglycaemia and sleep
quality were considered as the main psycho-
logical outcomes.

Information was extracted from each
manuscript and summarized as (1) the partici-
pants’ features (age, sex, diabetes duration,
HbA1c before AHCL initiation); (2) inclusion
and exclusion criteria in the case of clinical
trials; (3) the study design, outpatient setting
and follow-up duration; (4) metabolic out-
comes; and (5) psychological outcomes (fear of
hypoglycaemia and sleep quality).

Safety outcomes, such as diabetic ketoacido-
sis (DKA) and severe hypoglycaemia (SH), were
considered.

Data Analysis

Extracted data were evaluated and synthesized
using a narrative analysis. Evidence from qual-
itative studies was summarized thematically. If
data were collected in cohorts with different age
ranges, we only considered data about children,
adolescents and young adults aged\25 years, if
clearly stated.

Studies on MiniMedTM 780G Effectiveness

Clinical Trials
The effectiveness of the MiniMedTM 780G was
first demonstrated by a randomized crossover
clinical trial comparing an AHCL system to a
sensor-augmented pump ? predictive low glu-
cose management (SAP ? PLGM). Thirty-three
out of 59 individuals involved in the study were
children and adolescents. The authors reported
that AHCL use in youth was associated with
better CGM metrics. In particular, mean SG
levels, overall TIR, daytime TIR, nighttime TIR,
and TAR were significantly improved
(p\ 0.001) in the AHCL group. No between-
group differences in TBR1 and TBR2 were found
[19].

Nimri et al. tested the home-based feasibility
of the MiniMedTM 780G in their prospective,
single-arm study of 12 adolescents and young
adults with T1D, which included the following

phases: a first stage consisting of a 6-day open-
loop run-in period with the predictive low-glu-
cose suspend feature on; a second stage char-
acterized by 6 days/5 nights in a supervised
hotel setting while using the AHCL system; and
finally, 3 weeks with unrestricted home use.
HbA1c decreased from 7.1% (6.7; 7.9) to 6.8%
(6.6; 7.4) (p = 0.027) and TIR increased from
68.4 ± 10.6% to 74 ± 6.1% (p = 0.06). Signifi-
cant improvements occurred in nighttime TIR
(64.6 ± 17.4% vs 80.7 ± 7.8%; p = 0.007) and
TAR (30.7 ± 20.7% vs 16.8 ± 7.6%; p = 0.035).
No significant changes in mean SG, SD and TBR
were reported [20].

In a multicenter single-arm clinical trial of a
large cohort of 39 adolescents, 90-day AHCL use
was compared to a baseline run-in period in
which SAP ± PLGM was enabled for 14 days.
The study revealed that HbA1c (p\ 0.001), TBR
(p = 0.021), TIR (p\ 0.001), TAR (p\ 0.001)
and TAR2 (p\ 0.001) significantly improved in
the adolescents. Changes in daytime and
nighttime CGM metrics were similar [21].

A multinational, seven-centre, randomized
crossover trial known as the FLAIR study
showed that the AHCL system was also able to
improve HbA1c levels (p = 0.03), TIR
(p\ 0.001) and TAR (p\ 0.001) without
increasing TBR (p = 0.42) in 113 adolescents
and young adults with T1D when compared to
the hybrid closed-loop (HCL) system. Both
daytime and nighttime TIR were significantly
higher (p\0.001) in the AHCL arm. Addition-
ally, the 24-h glucose profile showed that AHCL
led to a consistently lower mean SG [16]. Fur-
ther analyses from the FLAIR study showed that
there were no differences in TIR, TITR, TAR,
TBR, CV or mean SG between AHCL and HCL
systems in postprandial glucose control [22] or
in the impact of temporary glucose targets (i.e.
150 mg/dL) [23].

A prospective, single-arm study showed that
12 weeks of AHCL use allowed significant
improvements in HbA1c, TIR, TAR, mean SG
values (p\0.001 for all) and TBR2 (p = 0.008)
in adolescents who previously underwent mul-
tiple daily injection (MDI) therapy [24]. Similar
findings were reported by another recent
prospective, single-arm, dual-centre study on 20
youths who were previously treated with MDI
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but did not meet their glucose targets. All par-
ticipants greatly improved their glycaemic
control, as indicated by HbA1c, TIR and TAR
(p\ 0.001). The mean SG and CV were also
lower after 3 months of AHCL therapy [25].

A recent open-label prospective Finnish
study reported that the AHCL device was also
effective in children with T1D who were
younger than 6 years of age. Across a 12-week
intervention, use of the MiniMedTM 780G sys-
tem was associated with improvements in gly-
caemic control, as indicated by HbA1c
(p = 0.01), TIR (p\ 0.001), TAR (p\ 0.001) and
TAR2 (p = 0.001), and no negative effects on
TBR or CV [26].

A prospective, open-label, two-arm study on
34 adolescents using the MiniMedTM 780G sys-
tem revealed that precise and accurate carbo-
hydrate counting resulted in a higher TIR and
lower TAR2 (p = 0.043 and p = 0.012, respec-
tively) compared with the use of three person-
alized fixed amounts of carbohydrate [27].

Finally, a randomized controlled trial evalu-
ated the impact of a more aggressive system
setting (glucose target 100 mg/dL and AIT 2 h)
versus a less aggressive setting (glucose target
120 mg/dL and AIT 3 h) on glucose control
during Ramadan fasting in adolescents and
young adults with T1D. The authors demon-
strated that there were no significant differences
in TIR (81.0 ± 9.9% vs 82.0 ± 10.2%) and TBR
(2.8 ± 0.8% vs 3.0 ± 0.3%) between the two
different settings [28].

Observational Studies

Most observational studies included in this
review reported the changes from a baseline
run-in period of 2 or 4 weeks during which
individuals used a device endowed with a PLGM
function in manual mode.

An analysis of 661 MiniMedTM 780G system
users younger than 15 years of age who had at
least 10 days of sensor glucose data pre- and
post-AHCL initiation revealed that TIR
increased by 11.7% while TAR and TBR
decreased by 11.6% and 0.1%, respectively. The
mean SG was 16.7 mg/dL lower than baseline,
and GMI also decreased by 0.4% [15].

Schiaffini et al. reported that TIR increased
from 65.7 ± 16.6% to 70.5 ± 17.3% (p = 0.002)
and TAR decreased from 27.2 ± 13.2% to
23.5 ± 13.9% (p = 0.05) after 4 weeks of Mini-
MedTM 780G system use without any changes in
TBR [29].

A multicentre observational real-world study
on 111 children and adolescents showed that
TIR, TAR1, TAR2, GRI, mean SG, and GMI sig-
nificantly improved at both 3 and 6 months of
AHCL use compared with baseline (p\0.001
for all). No differences were reported in TBR,
TBR1, TBR2 or CV [30]. These findings are in
line with those reported by Piccini et al. in their
single-centre study, which demonstrated a sig-
nificant improvement in all glycaemic out-
comes except for CV and TBR, as indicated by
the mean change between manual and auto
modes at each follow-up time point (i.e.
14 days, 3 months and 6 months) [31]. An
analysis investigating the real-world perfor-
mance of the MiniMedTM 780G system in 332
users from Latin America who were younger
than 15 years of age revealed the following
CGM outcomes: TIR 74.2 ± 8.9%, TAR
23 ± 9.0%, TAR2 5.2 ± 4.4%, TBR 2.9 ± 2.0%,
TBR2 0.6 ± 0.7%, CV 35.9 ± 5.0%, mean SG
146.5 ± 14.1 mg/dL, SD 52.9 ± 10.7 mg/dL,
and GMI 6.8 ± 0.3% [32]. Another retrospective
study evaluating the raw data for 4193 patient-
days of 34 children using the AHCL system
reported the following results for glucose con-
trol indicators: HbA1c 7.1 ± 0.9%, TIR
80.5 ± 7.8%, TAR1 14.5 ± 6.2%, TAR2
2.5 ± 2.2%, TBR1 2 ± 1.5%, TBR2 0.5 ± 0.8%,
CV 33.1%, mean SG 136.7 ± 11.6 mg/dL, SD of
mean glucose 45.5 mg/dL, and GMI 6.6%. No
differences in the main CGM metrics were
found between children older and younger than
9 years of age [33].

The successful use of the MiniMedTM 780G
system has also been demonstrated when com-
pared with conventional insulin pump therapy.
Gianini et al. conducted a study on 24 children
and adolescents who were using an AHCL sys-
tem and had switched from a previous contin-
uous subcutaneous insulin infusion (CSII)
therapy, including insulin pumps with inter-
mittently scanned CGM, PLGM systems and
HCL devices. The authors reported significant
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improvements in TIR (p\0.001), TAR
(p = 0.001), TAR2 (p = 0.006), mean SG
(p = 0.002) and SD (p = 0.011) 3 months after
starting the new treatment. No changes in TBR
and CV were described [34]. In a retrospective
study, the AHCL system was compared to the
first-generation AID system in a real-world set-
ting. Despite lower baseline HbA1c levels in the
MiniMedTM 780G system group [7.1% (6.8; 7.6)
vs 7.7% (7.3; 8.3), p = 0.02], no significant
between-group differences in CGM metrics were
detected after 6 months of use [35].

A 1-year follow-up prospective study
including 43 young adults aged\25 years who
were previously on conventional CSII or MDI
therapy showed significant changes in TIR, TAR,
TAR2, GMI, mean SG and SD after switching to
the MiniMedTM 780G. TBR, TBR2 and CV did
not change [36]. A retrospective study including
38 users B 18 years showed that TIR increased
by 22.3% and TAR1 and TBR1 decreased by
6.5% and 0.3%, respectively, after 1 year of
MiniMedTM 780G system use [37].

Finally, Seget et al. reported the benefits of
the AHCL system in 50 Polish children with
well-controlled T1D and adolescents previously
treated with low-glucose suspend (LGS)/predic-
tive LGS (PLGS) systems. Four weeks after
switching the therapy systems, TITR increased
from 53.8 ± 12.4% to 61.7 ± 8.9% (p\ 0.001)
and TIR increased from 76.2 ± 10.3% to
81.3 ± 7.7% (p\0.001), while TAR1 decreased
from 15.6 ± 7.1% to 11.9 ± 5.5% (p\ 0.001)
and TAR2 decreased from 3.4 ± 3.7% to
1.9 ± 2.1% (p\0.001). The mean SG and GMI
also significantly decreased (p\ 0.001 for both).
More evident improvements were reported for
the parameters monitored at night than for
those monitored during the day [38]. Data from
this study population were further analysed
after 1 year. Compared with the first 2 weeks of
MiniMedTM 780G system use, significant
reductions in TBR1 (4.2 ± 2.7% vs 3 ± 1.8%,
p\0.05) and TBR2 (1.1 ± 1.1% vs 0.8 ± 0.8%,
p\0.05) were found. No significant differences
in other glycaemic control indicators and in
body mass index (BMI) z-score were observed
[39].

Psychological Outcomes

Only a few studies have explored psychological
outcomes in AHCL users in the paediatric and
young-adult populations.

The first AHCL-associated improvement in
subjective sleep quality compared with SAP ?

PLGM was demonstrated by Wheeler et al. [40]
in subjects above 16 years of age in a random-
ized, two-sequence crossover study (4 weeks for
each arm). The authors also reported a higher
Diabetes Treatment Satisfaction Questionnaire
Change (DTSQc) score in adolescents aged
13–17 years (14.8 ± 0.7 vs 12.1 ± 0.8,
p = 0.024).

Higher diabetes treatment satisfaction was
also found in children and adolescents aged
7–17 years upon comparing the first 12 weeks of
AHCL use with previous MDI therapy [24].
Importantly, 53% of the enrolled subjects were
in MDI therapy and self-monitoring blood glu-
cose before the beginning of the study and had
no previous experience with AID. The DTSQ
with 12 and 14 items rated from 0 (very unsat-
isfied) to 6 (very satisfied) was administered to
children/adolescents and their parents respec-
tively. Average score increased from 3.6 ± 0.6 to
4.6 ± 0.8 (p = 0.001) in youths and similar
results were found for their parents, with an
average DTSQ score of 3.5 ± 0.6 at baseline and
4.8 ± 0.9 at the end of the study (p = 0.001). In
a longer study, Gianini et al. [34] showed that
the AHCL system decreased the fear of hypo-
glycaemia (from 60.5 ± 17.0 to 49.4 ± 3.5,
p\0.001) and the diabetes-related emotional
distress (from 19.3 ± 12.3 to 8.6 ± 8.3,
p = 0.001), thereby increasing the well-being
perception (from 68.2 ± 16.8 to 80.5 ± 14.2,
p = 0.03), in 24 users aged 10–18 years after
4 months of use. These findings were obtained
regardless of HbA1c value (\7% or C 7%) at the
beginning of the study: both subgroups showed
a statistically significant improvement in the
quantitative scores. Only the well-being score
showed a nonsignificant improvement in the
HbA1c C 7% subgroup. A negative correlation
between diabetes-related emotional distress and
well-being was found in subjects with HbA1c
C 7%; instead, diabetes-related emotional dis-
tress was correlated with fear of hypoglycaemia
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in the HbA1c\7% subgroup. In addition to the
quantitative results, qualitative assessment,
achieved through interviews, also demonstrated
an increased quality of life with AHCL usage, as
it reduced the exhaustion related to disease
management and stress due to dysglycaemia
while increasing sleep quality, with both chil-
dren/adolescents with T1D and their parents
expressing their satisfaction.

AHCL was also associated with a reduction in
parental diabetes distress in very young chil-
dren’s parents [26], as evaluated by the Problem
Areas in Diabetes Scale-Parents Revised (PAID-
PR) score, which decreased from 37.5 (18.2) to
27.5 (14.8) (p = 0.006) after 12 weeks of use.
Interestingly, the score did not correlate with
markers of glycaemic control, total daily dose
(TDD) of insulin, age or diabetes duration
(p = 0.22–0.91) at the beginning of the study,
and no significant correlations were found
between the PAID-PR score and glycaemic
markers or TDD (p = 0.15–0.80) at 12 weeks
either.

A randomized, two-period (12 weeks in each
arm), crossover trial comparing AHCL versus
HCL use revealed significant improvements in
glucose monitoring satisfaction subscale scores
for emotional and behavioural burdens
(p\ 0.01) with the use of AHCL in a cohort of
113 adolescents and young adults [41]. A fur-
ther correlation analysis of glycaemic outcomes
(TAR, TBR2 and percentage of time spent in
auto mode) with satisfaction measures demon-
strated that satisfaction increased as less time
was spent in hyper- or hypoglycaemia. More
time in the auto mode [86%, interquartile range
(IQR) 77–91 vs. 75%, IQR 64–83%, in Medtronic
780G vs 670G, respectively] was associated with
greater glucose satisfaction [16].

SAFETY: DKA AND SEVERE
HYPOGLYCAEMIC EVENTS

Nimri et al. [20] demonstrated in their feasibil-
ity study that AHCL was safe, as demonstrated
by the absence of DKA or SH events. During
meal challenges such as a missed dinner bolus
and a late meal bolus performed in the hotel
setting, TBR2 was 0.5 and 1.3 for the respective

challenges (p = 0.63) and 1.2 in the home set-
ting (p = 0.48 vs missed bolus). No SH events
occurred during physical activity or 2 h after
physical exercise in the hotel setting.

In the first randomized control trial (RCT)
investigating the MiniMedTM 780G system in
free-living conditions in children, adolescents
and young adults with T1D [19], only one epi-
sode of DKA occurred during the study in the
SAP ? PLGM treatment arm, likely due to
infusion set failure. No cases of SH were repor-
ted in that trial. Those results were reached
using the lower target setting of 100 mg/dL.

The FLAIR study [16] reported one SH event
during AHCL use, which was considered unre-
lated to the study treatment. TBR1 was 0.46% at
baseline, 0.50% during use of the 670G system,
and 0.46% during AHCL (p\ 0.001 for nonin-
feriority), and no episodes of DKA were
reported.

Carlson et al. [21] also evaluated the safety of
the AHCL system, used for 90 days, compared
with the MiniMedTM 670G system (not neces-
sarily in auto mode) in adolescents and young
adults in a multicentre single-arm study. No
episode of SH was reported; also, in this case, no
DKA events occurred in 14- to 21-year-old peo-
ple with diabetes.

Petrovski et al. [24] demonstrated that chil-
dren and adolescents with T1D without prior
pump experience improved their glycaemic
control in a safe manner after switching to
AHCL following a 10-day well-structured edu-
cational protocol. No episodes of DKA or SH
occurred in 12 weeks of the prospective clinical
investigation study despite the use of more
aggressive pump settings (target 100–110 mg/dL
and IOB 2–3 h). These results are consistent
with those obtained by Beato-Vibora et al. [36]
in their 1-year follow-up study: subjects who
began MDI therapy using an AHCL system
obtained the same outcomes as subjects with
previous pump experience. No cases of SH were
reported. Interestingly, after stratification into
high (TBR C 4% or TBR2 C 1%) or low (TBR\
4% or TBR2\1%) risk of hypoglycaemia at

baseline, subjects with a high hypoglycaemia
risk reduced their TBR, which remained within
the International Consensus Guideline targets
[42]. Conversely, people with an initial low
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hypoglycaemia risk increased the time spent
with glucose levels below 70 mg/dL but still
remained below the recommended targets.

No SH episodes occurred after 3 months of
AHCL use among adolescents and young adults
with high-risk glycaemic control who previ-
ously underwent MDI therapy [25]. Two epi-
sodes of mild-to-moderate DKA occurred, both
due to infusion set failure/occlusion and poor
experience with CSII therapy.

This system was also considered safe when
adolescents used fixed carbohydrate (CHO)
doses [27] instead of precise CHO counting
before meals as well as during Ramadan [28]. In
the latter study comparing two different previ-
ously described settings, no episodes of SH or
DKA nor any increase in the hypoglycaemia rate
occurred with the more aggressive setting
despite long fasting periods [28].

Recently, the MiniMedTM 780G system was
reported to be safe for use in 2- to 6-year-old
children during a 12-week follow-up period. A
target of 120 mg/dL and an AIT of 3.5 h were
set. No events of SH or DKA were observed
during the study [26].

Gianini et al. [34] and Piccini et al. [31]
confirmed that the system was safe, with no
increase in episodes of SH after 4 and 6 months
of use, in their respective studies.

SUMMARY OF CASE REPORTS

The usability of MiniMedTM 780G system in the
presence of unusual conditions or other con-
comitant diseases has been demonstrated by
some case reports.

Petrovski et al. reported the case of a 16-year-
old male with T1D and a short stature treated
with growth hormone (GH) who experienced a
positive effect of AHCL use. GH has a well-
known counterregulatory function, and thus
GH treatment in people with T1D is often
challenging for both youths and health care
providers. The device was set to an AIT of 2 h
and a glucose target of 100 mg/dL. HbA1c
decreased from 8.6% before to 6.7% 3 months
after initiating the use of the MiniMedTM 780G
system. TIR improved to above 70% in the first
month, reaching 73% in the third month of

auto mode functionality without any SH or
DKA episodes [43]. Another intriguing use of
AHCL therapy was described in a young female
with a long history of brittle T1D and a severe
presentation of diabetic gastroparesis. This
clinical condition adversely affects diabetes
management as it results in an increased risk of
postprandial hypoglycaemia due to a mismatch
between prandial insulin absorption and the
postprandial rise in blood glucose, which is
delayed in individuals with gastroparesis.
MiniMedTM 780G initiation led to a prompt
improvement in glycaemic control, as demon-
strated by the glucose metrics achieved after 3
weeks of use (TIR 75%, TAR 21%, TBR 4% and
CV 28.9%). It is likely that stable glucose levels
associated with dietary modifications and
prokinetic drugs facilitated the regression of
gastrointestinal symptoms [44]. The effective-
ness of the MiniMedTM 780G system during
minor surgical procedures has also been inves-
tigated. Seget et al. reported two children with
T1D who underwent diagnostic endoscopy of
the gastrointestinal tract with the use of
sedoanalgesia and an elective umbilical hernia
surgery. In both cases, a temporary target of
150 mg/dL was activated overnight before the
surgical procedures and was set for 7 h after
activation. Afterwards, the target was reverted
to standard values. During the periprocedural
periods, glucose levels remained within the
target range. AHCL reports on the day of the
surgical procedure were very similar to those 2
weeks prior to hospital admissions and revealed
CGM metrics within the recommended clinical
targets [45]. A case study of an 11-year-old
subject with T1D from Saudi Arabia reported
that AHCL provided satisfactory glucose control
during fasting for more than 14 h per day,
which is typical during the month of Ramadan.
A comparison between the use of a PLGS system
during Ramadan in 2021 and the use of the
MiniMedTM 780G system during the following
Ramadan season in 2022 showed that the AHCL
system was associated with better glycaemic
outcomes and a reduced time spent in hypo-
glycaemia. Due to the high percentages of fat in
some traditional Ramadan-specific foods, sup-
plementation with an extra bolus (15% of the
previously announced carbohydrates) 90 min
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after the evening meal was recommended to
counteract late postprandial hyperglycaemia
[46]. No DKA or SH was detected during and
before Ramadan with AHCL, but significantly
better results in terms of hypoglycaemia were
also obtained with the MiniMedTM 780G sys-
tem, with TBRs of 0% vs 2% (p\ 0.01).

Finally, Tekielak et al. reported the use of the
AHCL system in a child with T1D and very low
insulin requirements. The authors described a
3-month follow-up of a 9-year-old boy whose
total daily dose of insulin decreased in the first
6 weeks after switching from PLGS therapy to
the MiniMedTM 780G system, reflecting the
remission phase, which occurred because of
tight glycaemic control with a healthy lifestyle.
Despite a daily insulin dose of lower than 8 IU
for nearly 38% of the days, the AHCL system
was effective, resulting in a TIR percentage
above 90% [47].

DISCUSSION

We focused this literature review on the Mini-
MedTM 780G system. The effects of this AID
system have been evaluated by different
authors, who aimed to evaluate the safety and
effectiveness of this device [15, 16, 19–39]
(Table 1) and the psychological issues
[24, 26, 34, 40, 41] (Table 2) related to it.

As expected, the first studies were RCTs that
aimed to compare the effectiveness of this sys-
tem with the previous generation of AID sys-
tems. The MiniMedTM 780G system has been
demonstrated to be better than SAP ? PLGM
[19] and HCL [16]; it led to significant
improvements in HbA1c levels and CGM met-
rics after 8–12 weeks of use, without any
increase in time spent in hypoglycaemia.
Interestingly, the time in range does not change
significantly when the temporary target is
enabled [23], suggesting that it can be safely
used when indicated. On the other hand, dur-
ing prolonged fasting such as that occurring
during Ramadan, a more aggressive setting with
an active insulin time of 2 h and a glucose target
of 100 mg/dL is as safe as a setting with an
active insulin time of 3 h and a pre-fixed glucose
target of 120 mg/dL [28]. There is no increase in

time spent in hypoglycaemia and thus a more
aggressive setting to obtain more physiological
glucose control is advisable.

Accurate education on technology and
proper counting of carbohydrates play a key
role in improving glucose control. Although
postprandial glucose levels are automatically
improved by the PID ? MD-Logic algorithm,
better results can be obtained through precise
counting of the carbohydrate intake, which
optimizes the premeal insulin doses [27].

The benefits of the MiniMedTM 780G system
have been confirmed by several observational
studies. This AID system improves TIR com-
pared to baseline by at least 10% after 4 weeks
without any increase in TBR [15, 29, 38], and
this finding has also been reported by other
studies with longer follow-up periods of up to
1 year [30, 31, 34, 36, 39], which demonstrated
a more remarkable improvement in TIR of up to
22% [35, 37] without any significant change in
BMI z-score [39]. Basically, the MiniMedTM

780G system allows a TIR of 75–80% to be
reached [32, 33]. It is worth noting that in all
these studies, people with diabetes used rapid-
acting insulin. Both time to reach peak insulin
activity and duration of insulin action are two
key factors in blood glucose management, and
thus it could be speculated that new insulins
with different times of action could lead to even
larger improvements in CGM metrics.

Uncontrolled trials confirmed these data.
TBR was shown to always remain at target, with
a TIR improvement of approximately 10% in
people living with diabetes who were on the
PLGM system before using AHCL [20, 21, 26],
and an even larger improvement of approxi-
mately 35–40% in those using MDI therapy
before AHCL [24, 25].

In all the studies, the time below range was
within the clinically recommended targets [42]
and not significantly different compared to
baseline (at which time it was already at target),
suggesting that, even if the system is more
aggressive than the first-generation AID systems
in its glucose control, there is no increase in the
risk of hypoglycaemia.

Glucose target and active insulin time have
been identified as device settings that play a
substantial role in the achievement of better
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Table 1 Summaries of randomized clinical trials and observational studies on MinimedTM 780G effectiveness included in
the systematic review

Ref. Type of study, study design,
settings, and follow-up

Objective(s) Population
characteristics

Main findings

Clinical trials

[16] RCT, crossover study, home setting

Two 12-week crossover periods

AHCL vs HCL 112 participants aged

14–29 yrs

A1c: 7.4 ± 0.8% vs 7.6 ± 0.6%,

p = 0.030

TIR: 67 ± 8% vs 63 ± 8%,

p\ 0.001

TAR: 31 ± 8% vs 34 ± 8%,

p\ 0.001

[19] RCT, open-label, two-sequence

crossover study, home setting

Two 4-week crossover periods

separated by a 2-week washout

AHCL vs

SAP ? PLGM

59 subjects, including

33 children and

adolescents aged

7–21 yrs

7–13 yrs age group:

? 11.8 ± 7.4% TIR changes,

p\ 0.001

-11.2 ± 8.0% TAR changes,

p\ 0.001

13–21 yrs age group:

? 14.4 ± 8.4% TIR changes,

p\ 0.001

-14.0 ± 8.5% TAR changes,

p\ 0.001

[23] RCT, crossover study, home setting

Two 12-week crossover periods

Use of TT

AHCL vs HCL

60 participants aged

14–29 yrs

TIR, TAR: p[ 0.05

[28] RCT, two-arm study, home setting

Intervention group (AIT 3 h,

target 120 mg/dL)

Control group (AIT 2 h, target

100 mg/dL)

4-week follow-up during Ramadan

Intervention

group vs

control group

42 adolescents aged

12–25 yrs

TIR, TAR, TBR, and CV:

p[ 0.05

[27] RCT, prospective, open-label, two-

arm study

3-day baseline run-in period

PLGM ? 12 weeks of AHCL

use in a home setting with two

groups (CHO fixed counting vs

CHO flex counting)

CHO fixed

counting vs

CHO flex

counting

34 adolescents aged

13–18 yrs

TIR: 73.5 ± 6.7% vs

80.3 ± 7.4%, p = 0.043

TAR2: 5.7 ± 3.6% vs 3.0 ± 2.4%,

p = 0.012
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Table 1 continued

Ref. Type of study, study design,
settings, and follow-up

Objective(s) Population
characteristics

Main findings

[22] RCT, crossover trial, home setting

Two 12-week crossover periods

Postprandial

glucose control

AHCL vs

HCL

112 participants aged

14–29 yrs

TIR, TAR, TBR and CV:

p[ 0.05

[25] UT, single0arm study

MDI ? 3 months of AHCL use

AHCL vs MDI 20 participants aged

13–25 yrs;

A1c C 8.5%

A1C: 7.6 ± 1.1% vs 10.5 ± 2.1%,

p\ 0.001

TIR: 66.5 ± 9.8% vs

27.6 ± 13.2%, p\ 0.001

TAR: 32.6% vs 69.9 ± 14.7%,

p\ 0.001

[21] UT, single-arm study

14-day baseline run-in period with

SAP ± PLGM ? 90 days of

AHCL use in a home setting

AHCL vs

baseline

157 individuals,

including 39

adolescents aged

14–21 yrs

A1C: 7.1 ± 0.6% vs 7.6 ± 0.8%,

p\ 0.001

TIR: 72.7 ± 5.6% vs

62.4 ± 9.9%, p\ 0.001

TAR: 24.9 ± 5.7% vs

34.3 ± 10.7%, p\ 0.001

TBR: 2.4 ± 1.8% vs 3.3 ± 2.7%,

p = 0.021

[20] UT, prospective, single-arm study

6-day baseline run-in period

PLGM ? 6 days of AHCL use

in a hotel setting ? 3 weeks of

AHCL use in a home setting

AHCL vs

baseline

12 adolescents and

young adults aged

15–25 yrs

A1C: 6.8% (6.6; 7.4) vs 7.1% (6.7;

7.9), p = 0.027

TIR: 74 ± 6.1% vs 68.4 ± 10.6%,

p = 0.060

TBR: 2.6 ± 1.9% vs 4 ± 3.5%,

p = 0.270

TIR (nighttime): 80.7 ± 7.8% vs

64.6 ± 17.4%, p = 0.007

TAR (nighttime): 16.8 ± 7.6% vs

30.7 ± 20.7%, p = 0.035
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Table 1 continued

Ref. Type of study, study design,
settings, and follow-up

Objective(s) Population
characteristics

Main findings

[24] UT, prospective, single-arm study

MDI ? 12 weeks of AHCL use in

a home setting

AHCL vs MDI 34 adolescents aged

13–18 yrs

A1c: 6.5 ± 0.7% vs 8.6 ± 1.7%,

p\ 0.001

TIR: 78.8 ± 6.1% vs

42.1 ± 18.7%, p\ 0.001

TAR1: 13.4 ± 5.1% vs

28.1 ± 9.7%, p\ 0.001

TAR2: 5.0 ± 2.2% vs

26.6 ± 16.2%, p\ 0.001

TBR2: 0.5 ± 0.4% vs 0.8 ± 0.7%,

p = 0.008

[26] UT, nonrandomized single-arm

clinical trial

14-day baseline run-in period

PLGM ? 12 weeks of AHCL

use in a home setting

AHCL vs

baseline

35 children aged 2–6

yrs

TIR: 66.6 ± 9.6% vs

58.3 ± 13.0%, p\ 0.001

TAR: 29.8 ± 13.0% vs

38.4 ± 9.5%, p\ 0.001

Observational studies

[15] Retrospective study

6 months of AHCL use in a real-

world setting

CGM metrics

over a

6-month

follow-up

12,870 individuals,

including 3211

users B 15 yrs

TIR 73.9 ± 8.7%, TAR 22.9%,

TBR 3.2%, CV 36.7 ± 4.9%

[37] Retrospective study

14-day baseline run-in period

PLGM ? 1 year of AHCL use

in a real-world setting

CGM metrics

over a 1-year

follow-up

42 individuals,

including 38

users B 18 yrs

TIR 73.1 ± 9.4%, TAR

18.4 ± 6.6%, TBR 2.1 ± 1.8%

[36] Prospective study

IP or MDI ? 1 year of AHCL use

in a real-world setting

AHCL vs IP or

MDI

135 individuals,

including 43 young

adults aged B 25

yrs

TIR: 76.4 ± 9.1% vs

65.7 ± 12.0%, p\ 0.050

TAR: 21.5 ± 9.3% vs

31 ± 12.6%, p\ 0.050

TBR: 2.3 ± 1.9% vs 3.4 ± 2.6%,

p\ 0.050

[34] Prospective, single-arm study, home

setting

IP ? CGM or PLGM or

HCL ? AHCL use for at least

3 months

AHCL vs other

IPs

24 children and

adolescents aged

10–18 yrs

TIR: 78.3 ± 6.3% vs

68.2 ± 13.9%, p\ 0.001

TAR: 18.7 ± 5.4% vs

28 ± 14.7%, p = 0.001
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Table 1 continued

Ref. Type of study, study design,
settings, and follow-up

Objective(s) Population
characteristics

Main findings

[32] Retrospective study

136-day follow-up in a real-world

setting

CGM metrics

over the

follow-up

period

1025 individuals,

including 332

users B 15 yrs

TIR 74.2 ± 8.9%, TAR

23 ± 9.0%, TBR 2.9 ± 2.0%,

CV 35.9 ± 5.0%

[33] Retrospective study, real-world

setting

4193-day follow-up

CGM metrics

over the

follow-up

period

34 children\ 18 yrs A1c 7.1 ± 0.9%, TIR

80.5 ± 7.8%, TAR1

14.5 ± 6.2%, TAR2

2.5 ± 2.2%, TBR1 2 ± 1.5%,

TBR2 0.5 ± 0.8%, CV 33.1%

[30] Prospective study

14-day baseline run-in period

PLGM ? 6 months of AHCL

use in a real-world setting

AHCL vs

baseline

111 children and

adolescents aged

7–18 yrs

TIR: 74.8 ± 9% vs 63.5 ± 13.1%,

p\ 0.001

TAR: 14.1 ± 9.6% vs

34.1 ± 14.1%, p\ 0.001

[31] Retrospective study

14-day baseline run-in period

PLGM ? 6 months of AHCL

use in a real-world setting

AHCL vs

baseline

44 children and

adolescents (mean

age 14.2 ± 4.0 yrs)

A1C: 6.6 ± 0.5% vs 7.2 ± 0.7%,

p\ 0.001

TIR: 76.3 ± 9.6% vs

69.3 ± 12.6%, p\ 0.001

TAR1: 17% vs 22.6%, p\ 0.001

TAR2: 3.2% vs 5.5%, p\ 0.001

[29] Prospective study

4-week baseline PLGM ? 4 weeks

of AHCL use in a real-world

setting

AHCL vs

baseline

14 children and

adolescents aged

7–18 yrs

TIR: 70.5 ± 17.3% vs

65.7 ± 16.6%, p = 0.002

TAR: 23.5 ± 13.9% vs

27.2 ± 13.2%, p = 0.050

[38] Prospective open-label, single-arm

study

SAP-LGM/PLGM ? 4 weeks of

AHCL use in a home setting

AHCL vs SAP-

LGM/PLGM

50 children and

adolescents aged

5–19 yrs

TItR: 61.7 ± 8.9% vs

53.8 ± 12.4%, p\ 0.001

TIR: 81.3 ± 7.7% vs

76.2 ± 10.3%, p\ 0.001

TAR1: 11.9 ± 5.5% vs

15.6 ± 7.1%, p\ 0.001

TAR2: 1.9 ± 2.1% vs 3.4 ± 3.7%,

p\ 0.001

[39] Prospective study

1 year of AHCL use in a real-world

setting

First 2 weeks vs

12 months of

AHCL use

50 children and

adolescents aged

5–19 yrs

TBR1: 3 ± 1.8% vs 4.2 ± 2.7%,

p\ 0.050

TBR2: 0.8 ± 0.8% vs 1.1 ± 1.1%,

p\ 0.050
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glycaemic outcomes. Better CGM metrics were
reported in all the users, but a larger improve-
ment without any increase in the time below
range was achieved with a set point of 100 mg/
dL rather than at a higher set point [19, 21].
Similarly, a shorter AIT is described as a pre-
dictor of optimal glucose control assessed by the
concomitant achievement of recommended
CGM metrics [30]. Real-world data from youth
and adult individuals confirmed that an AIT of
2 h and a glucose target of 100 mg/dL were
associated with the largest time-in-range value
and that these settings do not increase the time
spent in the hypoglycaemic range [48]. On the
other hand, very recent data showed that more
advanced pubertal stages, a longer disease
duration, and less compliance were associated
with less glucose control improvement [49].
Interestingly, the CGM metrics appeared to be
stable over the 6-month study period. The
safety and effectiveness of treatment are sum-
marized by the novel GRI [50]. The MiniMedTM

780G system was found to improve this
parameter [30], in keeping with other studies
[51].

While technology can improve blood glu-
cose management, the psychological and emo-
tional burden experienced by people living with
T1D is still a challenge. The previous generation
of AID systems provided some benefits for users,
but the frequent auto mode exits and user-input
requirements presented a significant burden.
The result was that the previous AID system was
not effective regarding the improvement of
psychosocial outcomes [11]. However, treat-
ment satisfaction was significantly improved
compared with that achieved with SAP ? PLGM

use [40] and MDI therapy [24]. The MiniMedTM

780G system was also more effective at
improving sleep quality compared with SAP ?

PLGM [40]. The psychological burden for peo-
ple with T1D was significantly reduced, and
satisfaction measures increased [34, 41] in par-
allel with improvements in CGM metrics [16].
This AHCL system seemed to reduce not only
the users’ emotional burden but also parental
distress. The parents felt more confident with
this device, irrespective of metabolic and clini-
cal parameters [26]. All the results suggest that
the MiniMedTM 780G system positively affects
the emotional distress of users and their care-
givers, with treatment satisfaction increasing as
much as glycaemic control improves.

Similar to the MiniMedTM 670G system, the
780G system proved to be safe in regard to the
prevention of severe hypoglycaemia. No epi-
sodes were reported under any study condition,
including an experimental setting with a late
meal bolus [20] or flex vs fixed carbohydrate
counting [27], a randomized clinical trial in a
free-living setting [19], a single-arm study with a
home setting [21, 24, 25, 31, 34, 36], prolonged
fasting due to Ramadan [28], and even when
tested in preschool children [26]. The study by
Tornese et al. [52], which included 12 preschool
children and was published after the literature
search for this review, confirmed that the
MiniMed 780GTM system may be safe and
effective even in children\ 7 years of age and
with a total daily dose\ 8 IU. A very recent
paper by Dovc et al. [53], published in July
2023, concludes that this AHCL is safe during
exercise, a condition not explored by previous
papers. In this condition, the TIR is high while

Table 1 continued

Ref. Type of study, study design,
settings, and follow-up

Objective(s) Population
characteristics

Main findings

[35] Retrospective case/control study

2-week baseline

PLGM ? 6 months of AHCL

use vs 6 months of HCL use in a

real-world setting

AHCL vs HCL 44 individuals aged

2–21 yrs (n = 20

with HCL and

n = 24 with

AHCL)

A1C: 7.1% (6.8; 7.6) vs 7.7% (7.3;

8.3), p = 0.020

The main findings concern only data closely related to children, adolescents and young adults recruited in the studies
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the TAR and TBR are low. Interestingly, that
paper also assessed the effectiveness of faster-
acting insulin aspart when used with the Mini-
Med 780GTM system; it was not found to be
superior to standard aspart.

Only one episode of severe hypoglycaemia,
considered unrelated to the study, was reported
by Bergenstal et al. [16] in an international
crossover study with a home setting. No DKA
events in people using the MiniMedTM 780G
system have been reported except in the paper
by Boucsein et al. [25], who described two cases
of set failure with nonsevere DKA. Actually, we
would like to highlight that in all the papers
reporting data about safety, the enrolled sub-
jects used the 3-day set and not the 7-day set.
We may conclude that the MiniMedTM 780G
system seems to be effective in preventing DKA
and severe hypoglycaemia, even when the sys-
tem settings are more aggressive (i.e. with a
shorter active insulin time and a lower gly-
caemic target) [24], without incurring any
increase in the TBR.

In our review, we also included case reports
investigating individuals using the MiniMedTM

780G system. We think that these reports can
be useful for clinicians when managing
uncommon situations. In particular, the 780G
system was shown to be effective in optimizing
glucose control in a subject treated with other
medications that have hyperglycaemic effects,
such as recombinant human GH [43], and also
in the case of surgery [45]. Even though it is very
rare in youth, gastroparesis is a challenging
condition in terms of blood glucose control due
to the mismatch between the postmeal glucose
increase and insulin action. The bolus wizard
algorithm allowed the CGM metrics to be kept
within the recommended targets [44]. This sys-
tem seems to work better than the MiniMedTM

670G system during Ramadan as well [46].
Finally, in the case of reducing insulin below 10
units/day for certain hours of the day, the sys-
tem works properly [47, 52].

CONCLUSION

In conclusion, the MiniMedTM 780G system is
safe and effective in improving glucose control.

This second-generation AID system seems to
properly address the burden of frequent user
input and auto-exits, which had resulted in
people with diabetes dropping out of studies
while using the previous version of this tech-
nology. This system enables the achievement of
all the recommended clinical targets for people
with diabetes without an excessive additional
burden. More aggressive system settings, as
indicated by a lower glycaemic target and a
shorter active insulin time, have been demon-
strated to be associated with better glucose
control without an increase in the risk of
hypoglycaemia. This system is safe and effective
in uncommon situations, such as prolonged
fasting. Data about psychological outcomes
suggest that the measures of better metabolic
control achieved with this second-generation
AID system are strongly related to a reduced
burden and improved psychosocial outcomes
for people with diabetes and their caregivers.
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reported outcome measures in children and ado-
lescents with type 1 diabetes using advanced hybrid
closed loop insulin delivery. Front Endocrinol.
2022;13:967725.

35. Tornese G, Buzzurro F, Carletti C, Faleschini E,
Barbi E. Six-month effectiveness of advanced vs.
standard hybrid closed-loop system in children and
adolescents with type 1 diabetes mellitus. Front
Endocrinol. 2021;12:766314.

36. Beato-Vı́bora PI, Ambrojo-López A, Fernández-
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